Introduction
To ensure optimal infant and maternal health outcomes, the World Health Organisation (WHO, 2001 ) recommendation for exclusive breastfeeding for the first six months of life was adopted by the Department of Health and Children in Ireland in 2003. Despite the recognised health (Kramer and Kakuma, 2002; Harder et al., 2005; Quigley et al., 2007) and safety (Renfrew et al., 2003; WHO, 2003) benefits of breastfeeding, many babies worldwide are not breastfed (Organisation for Economic Cooperation and Development, 2009 ). National and regional data report that 55% (National Perinatal Statistics, 2009 ) and 66% (Tarrant et al., 2010a) 
of infants in
Ireland, respectively, are partially or exclusively formula fed at maternity hospital discharge; however by 6 months postpartum, almost all infants in Ireland are formula fed in varying quantities (Begley et al., 2009) . Whilst several evidence-based objectives and actions to promote, protect and support breastfeeding were set out in the 2005 Five Year Strategic Plan (Department of Health and Children, 2005) , Ireland, a country with the highest birth rate in Europe (National Perinatal Statistics, 2009 ) still reports one of the lowest breastfeeding rates in the developed world, and certainly the lowest in Europe. Similarly low breastfeeding rates are reported in the UK where, at 6 weeks postpartum, approximately 79% of infants are either exclusively or partially formula fed (Bolling et al., 2007) .
Breastfeeding is the recommended standard for infant feeding, however, in circumstances where mothers choose to formula feed postpartum, are unable to breastfeed, or when breastfeeding is contraindicated, the provision of care and formula feeding education to these mothers should be 'of the highest standard possible ' (Wirihana and Barnard, 2012) 
if risk
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Page 4 is to be averted. Powdered infant formula (PIF) is not a sterile food product and several recent expert guidelines have been developed to minimise contamination risks during preparation, handling and storing of the product (Food Safety Authority of Ireland, 2007; WHO, 2007) .
Optimising compliance with such public health guidelines is essential given the reported deleterious effects of bacterial contamination of PIF with Enterobacter sakazakii on infant outcomes including life-threatening neonatal meningitis, bacteraemia and necrotising enterocolitis (Forsythe, 2005; Drudy et al., 2006) .
In addition, errors in under or overconcentration of feeds can potentially lead to serious morbidities for infants including, dyselectrolytemia, hypernatremic dehydration, obesity and failure to thrive (Chambers and Steel, 1975; Sunderland and Emery, 1979) . The correct use and choice of formula are considered to be equally important (Egemen et al., 2002) . Given the diverse age and condition-specific formulations and market brands available, there is also potential for parents to be misinformed and confused about recommended age-specific appropriate formula. To protect infants and optimise their outcomes, it is thus essential that clear, correct information on formula feeding (Osborn and Lyons, 2010) and reconstitution is provided to parents in all circumstances.
Associations between early infant feeding method and long term health outcomes via a potential early 'programming' mechanism are well established (Stanner and Smith, 2005; Rudnicka et al., 2007) . According to recent research, higher protein intakes in infant formula per kilogram (kg) of body weight, in excess of metabolic requirements, have been hypothesised to enhance weight gain in infancy and potentially contribute to increased risks for later obesity (Koletzko et al., 2009 ). Despite such accumulating evidence, a paucity of information is available
Mothers who formula feed 2013 in the literature on infant formula milk consumption patterns. In light of increasing evidence demonstrating the importance of early life nutrition on optimal growth and development for short and long term infant health, it is crucial to gain an understanding of current formula feeding patterns.
In view of the above, this study aimed to examine mothers' formula feeding practices, their reasons for formula feeding and sources of feeding information as well as infant formula milk consumption patterns at 6 weeks. A further objective was to assess maternal satisfaction with the adequacy of formula feeding information in a sub-sample of mothers.
Methods

Participants and study design
Study methods and sample representativeness of this prospective observational study have been previously described in detail (Tarrant et al., 2010a Mothers who formula feed 2013 formula feeding information during the first 6 weeks'); mothers in both groups were questioned by the one investigator.
From the 491 women who gave written informed consent to participate (91%), 450
(83%) met the study inclusion criteria: delivery of a healthy, term (≥ 37 weeks gestational age), singleton infant, weighing ≥ 2.5kg at birth, maternal willingness to participate in study follow-up and reporting residency in Ireland to 6 months postpartum. All 450 mother-infant pairs were followed up by the one investigator, a trained paediatric dietitian, either by face-to-face or telephone interview at 6 weeks and 6 months postpartum.
Data collection
Antenatal (≥ 24 weeks gestational age)
The first patient-administered questionnaire completed by pregnant women in the antenatal clinic waiting rooms collected data on socio-demographic factors (age, educational attainment level and marital status), smoking habits and their infant feeding intention.
6 week follow-up
Infant anthropometric measurements
All eligible mothers were contacted to arrange a 6 week hospital clinic appointment where a face-to-face interviewer-administered questionnaire was conducted, and the infants' naked weight measurements taken. Naked weights were measured using a high specification portable Mothers who formula feed 2013 attend the hospital clinic appointment were interviewed by telephone and the reported weight measurements from the routine 6 week check-up with the general practitioner (GP)/paediatrician or public health nurse (PHN) visit (i.e. a role similar to that of a 'health visitor') were recorded.
Infant feeding data
The 6 week questionnaire elicited detailed data on the infants' feeding history from birth; it was also noted whether solid foods (e.g. infant cereal/crushed rusk biscuits) were added to infant bottle feeds. Mothers were questioned on their main sources of infant feeding information (multiple response options). There was also a specific enquiry for the mothers who formula fed from birth as to why they chose this feeding method (open-ended question; responses were then categorised).
Formula feeding practices and patterns
Mothers who were formula feeding at the 6 week follow-up were questioned on the specific type and brand of formula used, the responses to which were then categorised as: standard whey-predominant, standard casein-predominant and a group of non-standard infant formulas including partially-hydrolysed, pre-thickened, lactose-free, extensively hydrolysed, organic, goats milk-based, soy-based as well as follow-on infant formula specific to the > 6 month age group. Data on the frequency of formula type/brand changes during the first 6 weeks were obtained and further categorised as: no formula type/brand changes, 1, 2 and ≥ 3 changes, and where relevant, mothers' reasons for each specific change documented (open-ended question;
responses were then categorised). Among the group of mothers who were fully formula
Mothers who formula feed 2013 feeding at 6 weeks, information pertaining to the infant's feeding frequency and estimated formula milk volume consumed per 24 hours was recorded. In cases where the infants' 6 week weight measurements were available, the volume of formula milk consumed per kg/body weight/day was computed.
Assessment of mothers' satisfaction with formula feeding information during the first 6 weeks
Comments made by mothers in Study Group 1 regarding the lack of available formula feeding support and information prompted an additional and final question in the 6 week questionnaire for the mothers in Study Group 2 who were fully formula feeding their infants. This additional question assessed mothers' satisfaction with the formula feeding information received during the first 6 weeks and if unsatisfied, what specific information and support they would have valued (open-ended question; responses were then categorised).
month follow-up
The 6 month follow-up involved an interviewer-administered questionnaire with mothers either by telephone, or face-to-face interview in their own home. Data pertaining to the infants' weaning diet at 6 months were collected, including an enquiry about maternal additions of solid foods to infants' bottle feeds (Tarrant et al., 2010b) .
Explanatory measures
Infant feeding definitions and categories
Breastfeeding practices were classified according to the WHO definitions (WHO, 1991; WHO, 1996) . Other infant feeding categories in the present study included: (1) mothers who formula
Mothers who formula feed 2013 fed from birth, (2) those who initiated breastfeeding and fully switched to infant formula milk during the first 6 weeks (i.e. 'the switchers') and (3) the 'partial breastfeeders', who provided their infants with breast milk in combination with supplementary formula milk feeds during the first 6 weeks. Mothers who were 'fully formula feeding' at 6 weeks includes those who formula fed from birth, as well as those who switched from breastfeeding to full formula feeds during the first 6 weeks.
Statistical analysis
Analyses were performed using the Statistical Package for the Social Sciences Relationships between categorical variables were examined using cross tabulations and  2 statistics test; the Yates continuity correction value was used for all 2 x 2 tables. For continuous normally distributed data, the Student's t-test or one-way analysis of variance (ANOVA) were performed. Significance levels were defined as P < 0.05.
Results
Sample characteristics
From the 450 eligible mothers, 138 (30.7%) attended the hospital for a face-to-face interview and 312 (69.3%) were followed up by telephone interview at 6 weeks postpartum. In total, 368 (81.8%) provided their infants with formula milk at 6 weeks; the remaining mothers were either
Mothers who formula feed 2013 exclusively (n = 78; 17.3%) or predominantly (n = 4; 0.9%) breastfeeding. The formula feeding group of mothers (n = 368) included those who formula fed from birth (n = 222; 60.3%), 'the switchers' from breast to formula milk (n = 97; 26.4%) and the partial breastfeeders (n = 49;
13.3%). Mothers who formula fed from birth were significantly more likely to have been: single (15.8%), younger (mean 27.7 years), smokers (35.1%), less educated and to have antenatally reported an intention to formula feed (81.1%); these mothers were also more likely to have reported adding solid foods to their infants' bottle feeds at 6 weeks (5.4%; P < 0.05) ( Table 1) .
Reasons for mothers' decision to formula feed from birth (n = 222)
The convenience of formula feeding was the most frequently reported reason underlying mothers' decision to formula feed from birth (17.3%) ( Table 2 ). Other principal reasons related to their pre-pregnancy feeding decision (15.7%) and feeling more comfortable with formula feeding in public (15.7%). Few mothers reported the perception that formula fed infants 'sleep through the night' and are 'more satisfied babies' as reasons for formula feeding from birth (1.3%).
Sources of infant feeding information during the first 6 weeks (n = 368)
Table 3 details mothers' infant feeding information sources during the first 6 weeks. Public health sources of information including hospital leaflets and antenatal classes were more frequently reported by the partial breastfeeders (10.7% and 9.1%, respectively) compared with the formula feeders from birth (6.9% and 3.8%, respectively) and 'the switchers' from breast to formula feeding (4.9% and 2.5%, respectively). An overall trend towards increased use of nonMothers who formula feed 2013 Formula feeding practices at 6 weeks postpartum (n = 368)
Just over half of the mothers who formula fed at 6 weeks provided their infants with a standard whey-predominant infant formula (n = 197; 53.6%); a casein-predominant formula was provided to over one third of the sample (n = 139; 37.8%) (data not shown). Non-standard formulas including partially hydrolysed (n = 20; 5.4%), pre-thickened (n = 4; 1.1%), lactose-free (n = 2; 0.5%), extensively hydrolysed (n = 1; 0.3%), organic (n = 2; 0.5%), goat's milk-based (n = 1; 0.3%) and soy formulas (n = 1; 0.3%) were consumed by fewer infants. One infant (0.3%) was reported to consume a follow-on formula specific to the > 6 month age group (data not shown).
Almost half of the mothers who formula fed their infants at 6 weeks (n = 181/368, 49.2%) reported to changing their infants formula type/brand at least once during the first 6 weeks [1 formula type/brand change, n = 162 (44%); 2 changes, n = 14 (3.8%); ≥ 3 changes, n = 5 (1.4%)]. Table 4 indicates that 54.8% of these mothers perceived increased infant hunger/feeding frequency as the main reason for changing their type/brand of infant formula;
'infant not sleeping through the night' was reported as a reason for brand/type change in 4.6% of the sample.
Feeding patterns of the infants who were fully formula fed at 6 weeks (n = 319)
Data on formula feed frequency/24 hours, along with reported formula volumes consumed/24 hours were available only for the fully formula fed infants at 6 weeks (n = 319). The mean no. of formula feeds, and the total feed volume consumed per 24 hours by these infants was 6.2 feeds
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The 6 week infant weight measurements were available for 184 of the sample (n = 101 taken by the investigator RCT; n = 63, GP/paediatrician; n = 20, PHN) with a mean of 205ml (SD 45ml, min-max 129-364ml) of formula milk/kg body weight/day consumed by these infants. Based on the protein content of the specific infant formula milk type/brand consumed, this formula milk volume (205ml/kg/day) was equivalent to a mean protein consumption of 3.1 grams of protein/kg body weight/day (SD = 0.8 grams, minimum-maximum = 1.8-6.2 grams).
Assessment of mothers' satisfaction with formula feeding information (n = 141)
Mothers in Study Group 2 (n = 208) included 93 mothers who formula fed from birth along with 48 mothers who switched from breast to formula milk during the first 6 weeks; thus 141/208 (68%) mothers in Study Group 2 were fully formula feeding their infants at the 6 week followup. Of these, 24.8% (n = 35) reported dissatisfaction with the formula feeding information received during the first 6 weeks. Over one third of the sample (36.7%) reported a need for detailed information specific to formula types/brands including indications for changing from whey to casein-predominant formula feeds (Table 5 ). The need for practical information on sterilising bottles/teats, and a demonstration on formula reconstitution prior to hospital discharge, was indicated by 21% of mothers.
Discussion
Findings from the present study substantially add to our understanding of formula feeding practices among mothers in Ireland as well as the reasons underlying their decision to formula feed. Consistent with previous research (Twomey et al., 2000; Sloan et al., 2006; Cairney and Mothers who formula feed 2013 Barbour, 2007), lower socio-economic status factors were strongly associated with formula feeding from birth. While such factors were undoubtedly associated with mothers' decision to formula feed, and their formula feeding practices, equally evident from this study was the important influence of mothers' infant feeding attitudes and perceptions. The finding that 81.1% of mothers who formula fed from birth antenatally reported an intention to formula feed suggests that their feeding decision was determined well before the birth, and perhaps even pre-pregnancy. Maternal infant feeding attitudes (Scott et al., 2004) and antenatal feeding intention (Donath et al., 2003) have been reported as stronger predictors of feeding choice than standard socio-demographic variables. Taken together, these data support the need for targeted antenatal breastfeeding interventions aimed at pregnant women who express an intention to formula feed; such research should consider optimal approaches to altering maternal feeding intention with a view to increasing breastfeeding rates.
In agreement with the literature (McIntyre et al., 1999 , Brown et al., 2011 , we found that positive perceptions of formula feeding were among the most frequently reported reasons underlying mothers' decision to formula feed including the method being perceived as 'convenient' and 'routine' (17.3%) and affords greater freedom to the mother (9.7%). The finding that 15.7% of these mothers perceived formula feeding as being a 'more comfortable' and less embarrassing way to feed an infant is not at all surprising given the numerous Irish studies that have identified 'maternal embarrassment' about breastfeeding and the practice being 'unappealing' to the mother, as reasons for not initiating breastfeeding, or choosing to formula feed (Loh et al., 1997 , Sloan et al., 2006 , Begley et al., 2009 This study provides several insights into current formula feeding practices which have potential implications for infant health and public health policy. Maternal efforts to establish what they perceived to be a more desirable feeding pattern (e.g. by promoting fixed feeding schedules, prolonged sleep and longer durations between feeds) was a dominant theme identified in our research. For instance, during the initial weeks postpartum, current guidelines recommend use of a whey-predominant formula since it contains a casein:whey protein ratio similar to mature breast milk (40:60) (Kunz and Lönnerdal, 1992) ; however, such a formula type was consumed by only 53.6% of the infants in our study. A casein-predominant formula, which is a second-stage formula type containing a comparatively higher casein:whey ratio (80:20) and marketed for 'hungrier babies' was consumed by over one third of infants (37.8%) at the early stage of 6 weeks. It is also of interest that maternal additions of solid foods to infant bottle feeds at 6 weeks (5.4%) and 6 months (7.7%) was a practice particularly reported by those who formula fed from birth. Such a non-recommended practice in the early weeks postpartum is not only associated with a desire to 'promote infant sleep', and 'decrease infant hunger ' (Wright et al., 2004; Tarrant et al., 2010b) but also poses a potential choking risk for infants (Health Canada 2007, p. 9) , as well as increasing percentage body fat and weight in childhood (Wilson et al., 1998) . Furthermore, a trend towards a high frequency of formula type/brand changing was evident among the study participants (49.2%) with the main reasons for such changes
Mothers who formula feed 2013 including 'increased infant hunger/feeding frequency' (54.8%) as well as 'the infant was not sleeping through the night' (4.6%). It could be argued that mother-led reasons may underlie their intentional efforts to increase infant satiety at the early stage of 6 weeks, and achieve regular 4 hourly feeding. The fact that mothers' main reason for deciding to formula feed from birth related to the method being convenient/routine, further supports this suggestion.
While efforts to promote infant sleep and establish routine feeding were evident among many of the formula feeders in this study, it has been pointed out that young infants are not expected to sleep through the night (Sears, 1999, p. 13) . Fomon et al. (1979) in an earlier review of infant feeding did not accept that long periods between feeds are advantageous to infants.
Moreover, it is known that infants experience growth spurts between the first one to two weeks, at six weeks and again at 12 weeks postpartum (La Leche League 2004, p. 98) . Such periods are characterised by increased infant appetite, requiring greater milk volumes at an increased 'on-demand' feeding frequency. In lieu of increasing the infants' feeding frequency and volumes of a whey-predominant formula, mothers' response to increased infant hunger during these times may have led them to change their infants' formula type/brand to a caseinpredominant feed, or add solid foods to their infants' bottle feeds. The degree to which insufficient infant feeding information contributed to such practices merits further exploration.
To address some potential maternal misperceptions about infancy feeding patterns, formula feeding literature and advice should emphasise the fact that frequent feeding in the early weeks postpartum is the normal physiological requirement for infants (Food Safety Authority of Ireland, 1999) .
Mothers who formula feed 2013 The fully formula fed infants at 6 weeks for whom weight measurements were available (n = 184) consumed a mean formula intake of 205ml/kg/day in this study, with a maximum reported consumption of 364ml/kg/day being observed. Relative to infant feeding guidelines which advise a fluid intake of 150ml/kg/day during the first 6 months (Nutritional Requirements for Children in Health and Disease 2009, p. 9) it appears that many infants in the present study consumed a considerably greater than recommended formula volume per kg/day. Given emerging evidence demonstrating the impact of rapid weight gain during infancy on increased risks for later obesity (Baird et al., 2005) in addition to associations between higher protein in infant formula and higher growth in the first 2 years of life (Koletzko et al., 2009 ) our data may have implications for the later obesity risk of some infants in our sample. Against a backdrop of increasing global childhood obesity levels, as well as an increasing prevalence of toddler overweight (Nader et al., 2006 ) the diet during infancy presents a potentially ideal window of opportunity for obesity prevention (Gillman, 2002) . Accordingly, to ensure dietary energy balance and relative proportionate growth in infancy, literature and health professional advice to formula feeding parents should consider the inclusion of more individualised and detailed guidance on recommended infant formula milk volumes. This may be of further public health importance given recent evidence indicating a higher risk of later obesity and Type 2 diabetes in children who were formula fed during infancy (Stuebe, 2009).
Use of 'non-professional' infant feeding information sources was identified in almost two thirds of the mothers who formula fed from birth in this study (72.3%), with 'family' being the most frequently reported information source (39%); other investigators have reported similar findings (Cairney and Barbour, 2007) . The fact that only 15.8% of these mothers
Mothers who formula feed 2013 reported a 'health professional' as an infant feeding information source raises questions as to whether professional infant feeding guidance was actually received during the first 6 weeks. It is also possible that professional advice was received however, traditional inter-generational advice 'handed-down' from family members was more influential on mothers' feeding practices (Daly et al., 1998) . It is noteworthy that such familial advice is at risk of being out-dated, having the potential to misinform mothers. Since all mothers during the first week post maternity hospital discharge have at least one direct contact with their PHN, optimising their positive impact on parental formula feeding practices is a potential area for public health intervention.
For future infant feeding studies, it would be worthwhile to include, and make clear distinctions between the sources of infant feeding information 'received' by mothers versus the 'valued' infant feeding information sources that actually influence maternal feeding practices.
Substantial deficiencies in formula feeding information were highlighted by almost one quarter (24.8%) of a sub-sample of mothers (Study Group 2, n = 35/141), including details which are regarded as pertinent to the safety and health of infants. Of particular concern, 21% of mothers' expressed a need for practical information on sterilisation of bottles/teats as well as formula reconstitution. The Baby-Friendly Hospital Initiative is associated with a system that provides optimal support to mothers who breastfeed (Merewood et al., 2005) , however, there does not appear to be an equivalent level of support for mothers who formula feed. According to the WHO (2003) , infants who are not breastfed, for whatever reason, should receive special attention from the health system since they constitute a 'risk group'. Based on our findings, there is a clear need for improved practical support, as well as the provision of professional infant feeding information to mothers who formula feed postpartum.
Mothers who formula feed 2013 Limitations of this study include the recruitment of mothers from a single site maternity hospital in Southwest Dublin, thus limiting the generalisation of the data to the rest of Ireland.
We assessed maternal satisfaction with formula feeding information among a sub-sample of 141 mothers in Study Group 2, the responses to which may not have been representative of the total sample. Face-to-face versus telephone interviews with mothers may have influenced their responses in some instances. Given that the 6 week questionnaire relied on maternal selfreports of retrospective events we cannot determine the impact of memory or response bias on our results. Strengths of the study include data completeness and successful follow-up of all mother-infant pairs at the 6 week and 6 month time points which enabled comparability between infant feeding groups. Collection of the 6 week feeding status for all infants in addition to the 6 week weight measurements in a sub-sample of infants led to a relatively accurate measurement of infant formula milk consumption patterns at 6 weeks. Furthermore, this is one of the very few Irish infant feeding studies performed by the one investigator, a paediatric dietitian, which has prospectively examined maternal formula feeding practices, over a 2 year period.
Conclusions
Results from this study inform health professionals and public health policy of much needed data specific to mothers who decide to formula feed postpartum. Potential concerns over certain formula feeding practices were raised from this study including reported additions of solid foods to infant bottle feeds as well as the large formula milk volumes consumed by infants (mean 205ml/kg/day) relative to infant feeding guidelines (150ml/kg/day), findings which may
Mothers who formula feed 2013 have implications for their later obesity risk. Major deficits in formula feeding information were highlighted in almost one quarter of a sub-sample of fully formula feeding mothers, suggesting that a lack of professional infant feeding guidance may have been associated with suboptimal formula feeding practices. Given the impact that incorrect preparation of formula feeds can have on infant health, our data highlight a need to provide more support and practical information to parents who formula feed, particularly in regard to formula reconstitution and sterilisation of bottles/teats. While breastfeeding promotion and research continues to be a public health priority in Ireland, it is important that consideration is also given to the appropriate provision of parental guidance on formula feeding to ensure optimal health and safety for the large number of babies that are not breastfed. Data are expressed as mean (SD) or n (%). kg, kilogram; N/A, not applicable. * P < 0.0001; ** P < 0.01; *** P < 0.05. a Median timing of 6 week and 6 month follow-up for all mother-infant pairs (n = 368): 6.57 weeks (IQR: 6.1-7 weeks) and 24.7 weeks (IQR: 24.4-25 weeks), respectively. b Total no. measurements (n = 212): formula feeders (n = 127), switchers (n = 57) and partial breastfeeders (n=28). c Includes additions of baby rice/crushed rusk biscuits/infant cereals. Mothers who formula feed: their practices, support needs and factors influencing their infant feeding decision. Child Care in Practice 19(1), 78-94.
Page 27 Table 2 . Reasons for mothers' decision to formula feed from birth.
Reasons n % Convenience of formula feeding: easy, quick, routine feeding method ('non-demand') 107 17.3
Pre-pregnancy decision was to formula feed 97 15.7
A more comfortable way to feed a baby; not embarrassing in public/in front of others 97 15.7
Family tradition to formula feed/formula fed previous children 73 12
Partner involvement and 'bonding is possible with formula feeding' 61 10 'More freedom', 'everyone can mind the baby'; 'not tied to the baby' 60 9.7
Negative perception of breastfeeding Reassuring to quantify the volume of formula milk consumed by the infant 16 2.6
No confidence in ability to breastfeed 11 1.7
Events post birth made breastfeeding difficult e.g. post C-Section/long recovery time 11 1.7
Formula fed infants 'sleep through the night' and are 'more satisfied babies' 8 1.3
Total number of responses c 615 99.7 a Includes 'breastfed infants are never content', breastfeeding is associated with 'stress', 'tiredness' and 'physical difficulties e.g. mastitis/latching issues'. b Includes maternal illness e.g. Hepatitis C and/or maternal medication/drug use e.g. methadone/anti-depressants which were reported to contraindicate breastfeeding. c Mothers could report more than one reason for their decision to formula feed from birth. Table 3 . Mothers' reported sources of infant feeding information during the first 6 weeks.
Reported sources
Formula feeders from birth (n = 222) n (%) 
